introduction
Although gastric cancer is increasingly being diagnosed at an early stage, resulting in 10-year survival rates of between 80% and 95% in the Far East, gastric adenocarcinoma is still the second leading cause of cancer-related death worldwide [1, 2] .
Angiogenesis, the formation of new blood vessels from endothelial precursors, is a prerequisite for the growth and progression of solid malignancies, and the vascular endothelial growth factor (VEGF) superfamily of endothelial growth factors has been identified to critically influence tumor-related angiogenesis [3, 4] . Clinical studies have demonstrated that an increased expression of VEGF or its family is associated with the grade of angiogenesis and the prognosis for various human cancers [5] [6] [7] [8] . In particular, with gastric cancer, the expression of VEGF or VEGF-C, which are intimately involved in the regulation of the lymphangiogenic process, has been reported to be correlated with a poor prognosis [9] [10] [11] . Furthermore, Juttner et al. [12] found that the presence of VEGF-D and its receptor vascular endothelial growth factor receptor 3 was associated with lymphatic metastasis, reduced patient survival, and poor prognosis after the curative resection of gastric adenocarcinomas. Given these results, VEGF or its family would seem to play an important role in lymphangiogenesis and lymphatic tumor spread, thereby affecting the prognosis of gastric cancer.
The VEGF gene is assigned to chromosome 6p12-p21 and consists of eight exons separated by seven introns that exhibit alternative splicing to form a family of proteins [13, 14] . Several polymorphisms have been described in the VEGF gene, and some of these variants [2460T > C, 2116G > A, and +405G > C (transcription start site counted as +1) in the promoter or 5#-untranslated region and +936C > T in the 3#-untranslated region] found to be associated with variations in VEGF protein production [15] [16] [17] . In clinical studies, these polymorphisms have been reported to be involved in the development of solid tumors, such as melanoma [18] , lung [19] , prostate [20] , and breast cancer [21] , where angiogenesis is critical in the pathogenesis of the disease. Moreover, recent studies have demonstrated that genetic polymorphisms can be used to predict the clinical outcomes of gastric [22] , breast [23, 24] , colon [25] , and pancreatic cancer [26] .
No study, however, has yet been published that has investigated the single nucleotide polymorphisms (SNPs) of the VEGF gene and their relationship to the clinical outcomes of gastric cancer. Therefore, the present study analyzed four VEGF gene polymorphisms and their impact on the prognosis for patients with gastric adenocarcinoma.
materials and methods

study population
All the tissues investigated in this study were obtained from consecutive Korean patients (n = 503) who had undergone a surgical gastrectomy between January 2000 and December 2001 at Kyungpook National University Hospital (Daegu, Korea). Written informed consent for gene expression analyses including SNPs was received from all the patients before surgery, and the study was approved by the Institutional Research Board at Kyungpook National University Hospital. The diagnosis and staging of gastric carcinoma were assessed according to the World Health Organization classifications [27] and tumor-node-metastasis (TNM) classifications set out by the American Joint Committee on Cancer [28] .
genotyping of VEGF gene polymorphisms
The genomic DNA was extracted from paraffin-embedded tumor bearing tissue using a Wizard genomic DNA purification kit (Promega, Madison, WI). The VEGF 2460T > C, 2116G > A, +405G > C, and +936C> T polymorphisms were then determined using a polymerase chain reactionrestriction fragment length polymorphism assay. Based on the GenBank reference sequence (accession no. NT_007592), the PCR primers designed for 2460T > C, 2116G > A, +405G > C, and +936C > T were 5#-CCTCTTTAGCCAGAGCCG-GGG-3# (forward) and 5#-TGGCCTTCTCC CCGCTCCGAC-3# (reverse); 5#-TCCTGCTCCCTCCTCGCCAAATG-3# (forward) and 5#-GGCGGGGACAGGCGAGCCTC-3# (reverse); 5#-CGAC GGCTTGGGGAGATTGC-3# (forward) and 5#-GGGCGGTGTCTGTCT GTCTG-3# (reverse); and 5#-CTCGGTGATTTAGCAGCAAG-3# (forward) and 5#-CTCGGTGATTTAGCAGCAAG-3# (reverse), respectively. The PCR reactions were carried out in a 20-ll reaction volume containing 100 ng genomic DNA, 25 pmol/l each primer, 0.2 mmol/l deoxyuceotide triphosphates, 10 mmol/l Tris-HCl (pH 8.3), 50 mmol/l KCl, 1.5 mmol/l MgCl 2 , and 1 unit of Taq polymerase (Takara Shuzo Co., Otsu, Shiga, Japan). The PCR cycle conditions consisted of an initial denaturation step at 94°C for 5 min, followed by 35 cycles of 30 s at 94°C, 30 s at 62°, 30 s at 72°C, and a final elongation at 72°C for 10 min. The PCR products were digested overnight with the appropriate restriction enzymes (New England BioLabs, Beverly, MA), which were BsaHI, MnlI, BsmFI, and NlaIII for the 2460T > C, 2116G > A, +405G > C, and +936C> T polymorphisms, respectively. The digested PCR products were resolved on a 3% agarose gel and stained with ethidium bromide for visualization under UV light. For quality control, the genotyping analysis was done blind as regards the subjects. The selected PCR-amplified DNA samples (n = 2, for each genotype) were also examined by DNA sequencing to confirm the genotyping results.
immunohistochemistry
Formalin fixed, paraffin-embedded serial sections (4 lm) mounted on 3-aminopropyltriethoxysilane-coated slides (Matsunami Glass Ind. Ltd, Kasamatsu, Japan) were deparaffinized in xylene alcohol and graded alcohol. Rabbit polyclonal anti-VEGF (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) and anti-VEGF-C (Zymed Laboratories, San Francisco, CA) antibodies were used at concentrations of 1.6 lg/ml and 2.0 lg/ml, respectively. The immunohistochemistry was carried out using a catalyzed signal amplification system (Dako, Ely, UK) according to the manufacturer's protocol. The sections were treated with 0.3% hydrogen peroxide (H 2 O 2 ) in water for 10 min to quench any endogenous peroxidase activity within the tissue, and the nonspecific binding sites blocked with a 20% heat-inactivated nonserum protein for 10 min at room temperature. Next, the sections were incubated for 15 min in the presence of the primary antibody, then the slides were washed in phosphate buffered saline (PBS) containing 0.1% Tween 20 (PBS/Tween) for 15 min while changing the solution three times before the application of the secondary biotinylated antibody. The slides were incubated with the secondary antibody for 15 min at room temperature before being washed for 15 min in PBS/Tween that was changed three times. The sections were then incubated for 15 min with an avidin-biotinylated horseradish peroxidase complex, and the reaction visualized with 0.02% 3,3#-diaminobenzidine tetrahydrochloride as a chromogen in a Tris-HCl buffer, pH 7.6, containing 0.03% H 2 O 2 . Hematoxylin was used to counterstain the nuclei. The staining results for VEGF and VEGF-C were classified by estimating the percentage of epithelial cells showing specific immunoreactivity: grade 0 (0%-10% positive cells), grade I (10%-50% positive cells), and grade II (>50% positive cells). Two pathologists (HB and GY) blindly examined all the slides.
statistical analysis
The genotypes for each SNP were analyzed as a three-group categoric variable (referent model), and those were also grouped according to the dominant and recessive model. The haplotypes and their frequencies were estimated using the Bayesian algorithm in the phase program [29] , which is available at http://www.stat.washington.edu/stephens/phase.html. The correlation between the level of VEGF or VEGF-C protein expression and four VEGF gene polymorphisms was analyzed using chi-square test and logistic regression analysis. Overall survival (OS) was measured from the day of surgery until the date of death or last follow-up. Disease-free survival (DFS) was calculated from the day of surgery until recurrence or death from any cause. The survival estimates were calculated using the Kaplan-Meier method. The differences in OS or DFS according to the four VEGF gene polymorphisms were compared using log-rank tests. Coxs proportional hazards regression model was used for the multivariate survival analyses, and the analyses were always adjusted for age (<60 versus ‡60 years), sex (male versus female), stage (0-IV), and adjuvant chemotherapy (i.v. versus oral versus not received). The hazard ratio (HR) and 95% confidence interval (CI) were also estimated. The multivariate analyses were carried out on 492 out of 503 patients, as haplotype data were unavailable for 11 patients.
A cut-off P value of 0.05 was adopted for all the statistical analyses. The statistical data were obtained using an SPSS software package (SPSS 11.5 Inc., Chicago, IL) or SAS Genetic software (SAS Institute, Cary, NC).
results patient characteristics and survival analysis
The median age of the patients was 60 (range, 25-83) years, and 337 (67.0%) patients were male. Curative resections (gastrectomy with more than D1 lymph node dissection) were carried out in 479 (97.2%) patients, while the others received a palliative gastrectomy. The pathologic stages after the surgical The survival analysis showed no association between the three VEGF gene polymorphisms (2460T > C, 2116G > A, and +405G > C) and the prognosis. For the +936C > T polymorphism, the T/T genotype, however, exhibited a worse OS compared with the C/C genotype (HR = 3.23; 95% CI, 1.13-9.25; P = 0.037), although no significant difference was observed in the dominant or recessive model (Table 1) . When confined to the patients with stage 0 or I gastric cancer, the OS and DFS for the patients with the 2460 T/C or C/C genotype (dominant model) were worse than those for the patients with the 2460 T/T genotype in the multivariate analysis (OS: HR = 3.96, 95% CI, 1.08-14.52, P = 0.038; DFS: HR = 4.87, 95% CI, 1.36-17.43, P = 0.015, Table 2 and Figure 1 ), meanwhile the other polymorphisms had no significant effect on survival.
haplotype analysis
The haplotype analyses were conducted to evaluate the combined effect of the four polymorphisms on gastric cancer survival. Fourteen haplotypes (TGGC 46.2%; TGGT 7.9%; TGCC 17.0%; TGCT 0.2%; TAGC 0.7%; TACC 2.0%; CGGC 4.1%; CGGT 0.1%; CGCC 5.6%; CGCT 3.2%; CAGC 0.9%; CAGT 1.3%; CACC 6.5%; and CACT 4.3%;) were estimated from the four polymorphisms in 492 (97.8%) out of 503 cases. Since TGGC, TGGT, TGCC, CGCC, and CACC were the common haplotypes, the impact of these haplotypes on survival was analyzed ( Table 3 ). The estimated 5-year OS and DFS rates for the patients with the CACC haplotype were 73.4 6 5.5% and 74.6 6 5.5%, respectively, which were significantly inferior to the rates for the patients with the TGGC haplotype (OS: HR = 1.72, 95% CI, 1.02-2.89; P = 0.041, DFS: HR = 1.73, 95% CI, 1.03-2.92; P = 0.038, Table 3 and Figure 2 ). In a Cox model for OS that included the age, TNM stage, and adjuvant chemotherapy, the TNM stage remained a significant prognostic factor (P < 0.001).
immunostaining of VEGF proteins
The VEGF and VEGF-C protein expression was evaluated by immunohistochemical staining in 374 (74.4%) and 371 (73.8%) cases, respectively. No correlation was detected with the level of VEGF or VEGF-C protein expression and any of the four VEGF gene polymorphisms analyzed (data not shown). Also, no correlation was observed with any other clinicopathologic variables. Finally, no association between the grade of immunostaining and the OS or DFS was observed (Table 4) .
discussion
We have investigated the prognostic impact of four VEGF gene polymorphisms in quite a large population of patients with surgically resected gastric adenocarcinoma. The current study demonstrated that CAGG haplotype or 2460 T/C-C/C genotype was a poor prognostic factor in these patients. The role of genetic polymorphisms, which is an important determinant of endogenous causes of cancer, in relation to the risk for gastric cancer has attracted increasing interest, probably because of advances in DNA analysis technologies and human genome knowledge. Most previous studies, however, have only addressed the effect of genetic variants of metabolic enzymes and inflammation mediators [30] . Since VEGF or its family plays a critical role in tumor-related angiogenesis, the association of VEGF gene polymorphisms with the risk or prognosis of several solid tumors, such as melanoma [18] , lung [19] , prostate [20] , and breast cancer [21, 23, 24] , has already been demonstrated.
The genotype frequencies of 2460T > C, +405G > C or +936C > T in the present study were similar to those previously reported for the Korean [19] , Chinese [23] , and European populations [16, 21, 24] , whereas the frequency of the 2116 G/G genotype was higher than that for European patients (68.3% versus 42.1%) [24] . The 2460T > C and +405G > C polymorphisms exhibited a strong linkage disequilibrium in the present study population, while the linkage between the 2460T > C and 2116G > A polymorphisms was weak, which is consistent with findings from an earlier study [15, 19, 23] .
In the present study, the CACC haplotype was associated with a significantly worse survival when compared with the TGGC haplotype in patients with surgically resected gastric cancer (OS: HR = 1.72, DFS: HR = 1.73), and the 2460 T/C or C/C genotype was a poor prognostic factor in patients with stage 0 or I gastric cancer (OS: HR = 3.957, DFS: HR = 4.870). In a recent study by Lu et al. [23] that also evaluated the effects of three VEGF gene polymorphisms (2460T > C, +405G > C, and +936C> T) on survival in 1193 Chinese patients with breast cancer, the survival was lower among the patients with the 2460 C/C and +405 G/G genotypes and higher among the patients with the 2460T/+405C/+936C haplotype. One possible explanation for these results is that the DNA sequence variations in the VEGF gene may alter VEGF production and/or activity, thereby causing interindividual differences in the lymphangiogenesis and lymphatic tumor spread. Given the homogenous ethnic background of Korean patients, any potential confounding effect due to ethnicity is likely to be small in the present study.
The correlation between an elevated preoperative serum VEGF concentration and the poor survival in patients with gastric cancer was already demonstrated in previous study [31] . A few studies, however, have reported that VEGF gene polymorphisms are associated with VEGF production. Nonetheless, the results are inconsistent. Awata et al. [32] reported that individuals with the +405 C/C genotype had a higher fasting serum VEGF level than those with other genotypes, and that they carried an increased risk of diabetic retinopathy. Meanwhile, Watson et al. [15] documented that the +405G allele is associated with higher lipopolysaccharide-stimulated VEGF production by peripheral blood mononuclear cells than the +405C allele. In a recent in vitro study [17] , carrying a haplotype containing the 2460C/+405G polymorphisms was found to significantly increase basal VEGF promoter activity and phorbol ester-induced responsiveness compared with the presence of a haplotype containing the 2460T/+405C polymorphisms.
In the present study, any of the four VEGF gene polymorphisms was not correlated with the level of VEGF or VEGF-C protein expression. Koukourakis et al. [33] reported that 22578 C/C, 2634 G/G, and 21154 A/A and G/A genotype (from translation start site) in the VEGF gene were linked with low VEGF protein expression in non-small cell lung cancer (NSCLC). They indicate that inherited variations in VEGF sequence, that also characterize the tumor genome, are determinants of the molecular VEGF phenotype in NSCLC and, consequently, of the intratumoral vascular density. Sample size, however, was small (36 cases) and VEGF 2460T > C, +405G > C, and +936C> T polymorphisms were not evaluated in their study. Accordingly, further studies are needed to elucidate the relationship between the VEGF gene polymorphisms and serum VEGF level or VEGF protein expression.
Recently, several VEGF inhibitors, including bevacizumab, a monoclonal antibody against VEGF, have actively progressed into clinical trials for different tumor types, and the results are very encouraging [34] . Thus, if the prediction of individual angiogenic potential on the basis of VEGF genotypes is possible, the efficacy of antiangiogenic treatment could be further enhanced. In conclusion, VEGF gene polymorphisms were found to be an independent prognostic marker for Korean patients with surgically resected gastric adenocarcinoma. Consequently, in addition to the pathologic stage, the analysis of VEGF gene polymorphisms may help identify patient subgroups at high risk for a poor disease outcome, thereby helping to refine therapeutic decisions in gastric cancer. 
